In their paper synthesizing the data from standard karyotypes for 22 species of oryzomyine rodents, Gardner and Patton (1976) noted that variation in diploid and fundamental numbers (32-80 and 40-136, respectively) is greater than that known for any group of mammals of equivalent taxonomic rank. Further, they concluded that the standard karyotypic-data available to them were "sufficient to prove the utility of karyotypic data in identifying taxonomic units and in elucidating cricetine relationships" (Gardner and Patton, 1976: 16). They proposed a primitive diploid number (70 to 80) and discussed mechanisms of chromosomal evolution that could account for the observed variation. Also, they called for G-and C-band studies to determine relative proportions of types of chromosomal change.
In this paper, we present the G-and C-banded chromosomes of Nectomys squamipes, Neacomys guianae, Holochilus brasiliensis, Sigmodon hispidus, and 11 species of Oryzomys in order to document the extent and nature of chromosomal rearrangements occurring in these species, as well as to evaluate the use of G-and C-band homology in developing phylogenetic hypotheses.
There are a number of other publica-tions dealing with G-and C-band chromosomal data from South American cricetids (Bianchi et al., 1971 (Bianchi et al., , 1973 (Bianchi et al., , 1976 (Bianchi et al., , 1979 Spotorno, 1977; Walker et al., 1979) . We have not attempted to include their data in our analyses because of varying quality of G-banding and stage of contraction of chromosomes. Further, in many cases, several spreads from a single individual must be examined to determine if sequences are identical or different. For all species reported herein, we had several spreads and original figures with which to work.
METHODS AND MATERIALS
In the following analysis, two basic sets of assumptions have been made. The first concerns the placement of chromosomal changes in an evolutionary framework. We assume that G-band sequences (either entire chromosomes or parts of chromosomes) shared between taxa were also present in their most recent common ancestor and that the most parsimonious positioning of rearrangements, using the above criteria, would provide the most probable evolutionary hypothesis. Lack of congruence among chromosomal characters is assumed to be a minimal measure of convergence.
The second set concerns the choice of outgroups (Hennig, 1965) for cladistical analysis. We have assumed that all species of Oryzomys shared a common ancestor after the divergence of the lineages which gave -rise to Nectomys, Neacomys, Holochilus, and Sigmodon, thus allowing these four genera to serve as outgroups for species of Oryzomys. We also assumed that Oryzomys, Nectomys, Neacomys, Holochilus, and Sigmodon shared a common ancestor after the divergence of the neotomine-peromyscine ancestor. This provides the neotomineperomyscine group as an outgroup for the five South American genera. These systematic assumptions are consistent with some classification schemes (Hooper and Musser, 1964; Hershkovitz, 1966 Hershkovitz, , 1972 Reig, 1977) and allow the determination of primitive and derived G-band seq.uences at several points in the chromosomal evolution of Neotropical cricetines examined. The primitive chromosomal complement (14 largest pairs) for the Cricetidae was determined by Koop et al. (1984a) to be like that found in Neotoma micropus. In this study we have analyzed characters of the South American taxa relative to that of N. micropus in order to determine polarity in transition series.
All specimens were collected from natural populations. The G-and C-band preparations were obtained from either fibroblast tissue cultures initiated from ear biopsy (Greenbaum et al., 1978) or bone marrow suspensions (Lee and Elder, 1980) that were frozen in the field (Baker et al., 1982) . G-bands were obtained by trypsin digestion and Giemsa staining (Seabright [1971] as modified by Baker et al. [1982] ), and C-band procedures were those described by Stefos and Arrighi (1971) .
There was adequate distinctiveness in G-banding sequences only in the 12 largest pairs of autosomes; therefore, in order to ensure identification of homology among taxa, our analysis is restricted to these G-band sequences. Three to 10 spreads of each individual listed in specimens examined were photographed and compared in a side by side comparison with other individuals studied.
Because of the extensive homology observed among Peromyscus, Neotoma, Oryzomys, Nectomys, Neacomys, Holochilus, and Sigmodon and the availability of a standard chromosomal numbering system for Peromyscus (Committee for Standardization of Chromosomes of Peromyscus, 1977), we used this numbering system as a reference in comparing the G-band patterns of the various taxa. Also, as a standard reference, the Oryzomys capito G-bands used in Koop et al. (1984a) are shown in Figures 1, 2 , and 3.
The following coding system is used in the text and Koop et al. (1983) . Nectomys squamipes (2N = 56)-i 1, 1 6, Suriname, Brokopondo, Rudi Kappelvligveld; 2 Y, 2 6, Marowijne, Olea Marie. Neacomys guianae (2N = 56)-1 6, Suriname, Brokopondo, Brownsberg Nature Park, 2 km S Brownsweg; 1 %, Nickerie, Sipaliwini Airstrip. Holochilus brasiliensis (2N = 56)-2 Y, Suriname, Nickerie, Sipaliwini Airstrip. Sigmodon hispidus (2N = 52)-used from Elder (1980) . Neotoma micropus (2N = 52)-used from Koop et al. (1984a) .
RESULTS
Haploid complements of G-banded karyotypes of Oryzomys alfaroi, 0. capito, Oryzomys sp., 0. palustris, 0. caudatus, 0. concolor, 0. delicatus, and 0. bicolor are compared in Figures 1 and 2 . The G-bands of 0. cousei and 0. caliginosus (except for one change in chromosome 2 of 0. caliginosus shown in the lower box in Fig. 1 ) were identical to those shown for 0. palustris. In Figures 1 and 2 the karyotype of 0. delicatus is of the 2N = 60 cytotype; not shown is the 2N = 64 cytotype which is identical to the 2N = 60 form with the exception of chromosomes 2 and 4 which could not be positively identified. Figure 1 presents those elements for which apparent homologies in different species of Oryzomys could be identified. Figure 2 shows the remainder of the individual haploid complements. The haploid G-banded karyotypes of Neotoma micropus, 0. capito, H. brasiliensis, Nectomys squamipes, and Neacomys guianae are compared in Figure 3 . For each taxon, the remainder of the haploid complements for which homology is uncertain are shown in the lower box. In Table 1 the G-band sequences of Neacomys guianae, Nectomys squamipes, H. brasiliensis, S. hispidus, and 11 species of Oryzomys are compared to those of Neotoma micropus. An analysis of each G-banded chromosome is briefly considered below. To simplify discussion of each chromosome, the various G-band patterns are described by numeric superscripts as shown in Table 1 . The logic used in the analysis is illustrated only for chromosome 1.
Using Nectomys, Neacomys, Sigmodon, and Holochilus as outgroups for chromosome 1, the proposed ancestral G-band sequence for Oryzomys is 1i (Table 1) because the same sequence is present on chromosome 1 of the outgroups Neacomys guianae and H. brasiliensis as well as all species of Oryzomys except 0. concolor and 0. bicolor. Modifications in chromosome 1 of 0. concolor and 0. bicolor are concluded to be derived. Neither of the derived conditions in Oryzomys are shared and therefore, represent autapomorphies. Using Neotoma as the outgroup, the proposed primitive sequence of chromosome 1 for Sigmodon, Holochilus, Nectomys, and Oryzomys is "I" because the same sequence is present in the outgroup Neotoma micropus and in Nectomys squamipes (the sequence in S. hispidus is also very similar). The modification l, therefore, represents a derived condition which is shared in Holochilus, Neacomys, and Oryzomys. On the basis of this synapomorphy, Neacomys, Holochilus2, and Oryzomys shared a common ancestor after the divergence of Neotoma, Sigmodon, and Nectomys. The synapomorphy in chromosome 1 resulted from the loss of the single heavy dark band adjacent to the centromere in the primitive condition.
A pattern similar to the primitive condition of chromosome 2 found in Neotoma micropus is also found in Nectomys squamipes. However, in the latter taxon, the positioning of the four proximal dark bands is different from the pattern found in Neotoma, possibly the result of an inversion (2i). Orzyomys capito, H. brasiliensis, and Neacomys guianae possess a derived character state in chromosome 2 (2ii) that involved the loss of the double bands near the centromere. A synapomorphy (2iii) ties Oryzomys sp., 0. concolor, and 0. melanotis together. A synapomorphy (2iv) also ties 0. couesi, 0. palustris, and 0. caliginosus together, although in 0. caliginosus the 2iv sequence has an additional amount of euchromatin present. All other sequences were autapomorphic. The modification 2i consisted of the loss of a heavy dark band immediately edjacent to the centromere. The synapomorphic modification 2i" is the result of euchromatic addition to chromosome 2. The sequence 2ix found in 0. alfaroi and the sequence 2iv found in 0. palustris and 0. couesi appear to be derived from the 2ii sequence. The 2vi sequence found in 0. caudatus may be derived from the 2iii sequence. In chromosome 3, the proposed ancestral G-band sequence was found in Neotoma micropus (excluding the heterochro- In chromosome 4, the proposed ancestral G-band sequence for Oryzomys is 4i because the same sequence present in the outgroups Neacomys guianae, Nectomys squamipes, and H. brasiliensis is also present in 0. palustris, 0. couesi, and 0. caliginosus. The derived sequence 4ii is shared in 0. capito, Oryzomys sp., 0. caudatus, 0. melanotis, and 0. alfaroi (in 0. alfaroi a small pericentric inversion also has occurred) thus tying these species together. Oryzomys concolor and 0. bicolor also have derived sequences but we are unable to determine if these autapomorphies were derived from the 4i, 4ii, or some other sequence. Oryzomys delicatus has a sequence that appears to be derived from the 4i sequence. Using Neotoma micropus as the outgroup, the proposed primitive sequence of chromosome 4 for the Oryzomys -Holochilus -Sigmodon -Nectomys -Neacomys group is I because this sequence is present in the outgroup Neotoma micropus and in S. hispidus. The 4i sequence represents a synapomorphy for the genera Nectomys, Neacomys, Holochilus, and Oryzomys. The 4i sequence can be derived from the I sequence by a large paracentric inversion or centric shift. The 41, sequence appears to be the result of a loss of a small portion of euchromatin proximal to the centromere on the long arm of the 4' sequence.
In chromosome 5, the proposed ancestral G-band sequence was found in Neotoma micropus, S. hispidus, Neacomys guianae, Nectomys squamipes H. brasiliensis, 0. palustris, 0. couesi, 0. caliginosus, 0. caudatus, and 0. melanotis. One synapomorphy was found for 0. capito and Oryzomys sp. This rearrangement resulted from an apparent loss of the centromeric region of chromosome 5, followed by a fusion of chromosome 5 to the telomere of chromosome 6.
In chromosome 6, the proposed ancestral G-band sequence for Oryzomys (61) is shared by Neacomys guianae, H. brasiliensis, 0. palustris, 0. couesi, 0. caliginosus, 0. caudatus, and 0. melanotis. This modification consists of the loss of euchromatin from an area proximal to the centromere of the primitive sequence found in Neotoma micropus and S. hispidus (I). In Nectomys squamipes, the entire ancestral sequence was present but was altered by a pericentric inversion. Using Neotoma micropus as the outgroup, the 6i sequence represents a synapomorphy linking Neacomys, Holochilus, and Oryzomys together. The only syn-apomorphy occurring within Oryzomys has been discussed in connection with chromosome 5.
In chromosome 7, the proposed ancestral G-band sequence was found in all taxa examined except Neacomys guianae, Nectomys squamipes, 0. delicatus, and 0. alfaroi. We were unable to identify chromosome 7 in Nectomys or Neacomys. Presumably, they were lost as a result of some rearrangement(s) but our methods do not provide the resolution required to document these events. Chromosome 7 in 0. alfaroi has a euchromatic short arm (7ii) and in 0. delicatus has undergone a deletion followeci by a euchromatic addition (7i).
In chromosome 8, the proposed ancestral G-band sequence for the Neotropical cricetines (Sigmodon, Nectomys, Neacomys, Holochilus, and Oryzomys) was found in Neotoma micropus, S. hispidus, Neacomys guianae, and Nectomys squamipes. Part of chromosome 8 (8i) was found in H. brasiliensis and in several species of Oryzomys (Table 1 ). The change in chromosome 8 (81) represents a synapomorphy linking Oryzomys and Holochilus together. No part of chromosome 8 could be identified in 0. palustris, 0. couesi, 0. caliginosus, 0. caudatus, and 0. concolor.
In chromosome 9, the proposed ancestral G-band sequence (Koop et al., 1984a) was found in Neotoma micropus, S. hispidus, Nectomys squamipes, H. brasiliensis, 0. capito, 0. palustris, 0. couesi, and 0. caliginosus. Oryzomys sp. was polymorphic for a centric fusion between chromosomes 9 and 10, and in 0. alfaroi chromosome 9 was fused with 13 in a centric fusion. In all other taxa, chromosome 9 was either variously modified or could not be identified.
In chromosome 10, the proposed ancestral G-band sequence was found in all taxa except Nectomys squamipes, H. brasiliensis, 0. delicatus, and 0. alfaroi. These four taxa had autapomorphic modifications (1Oi, 10zi, lotii, and 10?). In H. brasiliensis, chromosomes 10 and 12 were fused at the centromere.
In chromosome 11, the proposed ancestral G-band sequence for Oryzomys is 11' because the same sequence present in the outgroups Neacomys guianae and H. brasiliensis is also present in 0. palustris, 0. couesi, and 0. caliginosus. The polarity of the derived sequences seen in the rest of the Oryzomys examined can be determined by assuming that the fewest number of rearrangements best explains the actual chain of events. To the 11i Oryzomys ancestral sequence, a euchromatic addition to the telomeric end of the long arm explains the 111 sequence seen in 0. bicolor. The 11iii sequence seen in 0. capito, Oryzomys sp., 0. caudatus, 0. melanotis, and 0. concolor can be explained by a whole arm paracentric inversion or centric shift in the 1 lP sequence. The autapomorphic sequence 1 llv in 0. delicatus appears to be derived from the 11, Oryzomys primitive sequence. In 0. alfaroi the autapomorphic sequence lEvi appears to be derived from the 1 "t sequence. In Nectomys squamipes the 1 1 sequence appears to be derived from the 1 sequence. The proposed primitive sequence of chromosome 11 for cricetines is I as determined by Koop et al. (1984a) . The 11 sequence can be explained by a whole arm paracentric inversion or centric shift in the I sequence. The 11 sequence represents a synapomorphy for Nectomys, Neacomys, Holochilus, and Oryzomys.
In chromosome 12, the primitive G-band sequence was found in Neotoma micropus, Neacomys guianae, and all species of Oryzomys except 0. palustris, 0. couesi, 0. caliginosus, 0. alfaroi, and 0. delicatus. There was only one synapomorphy, although the modifications seen in Holochilus brasiliensis and 0. palustris were similar. In 0. palustris, 0. couesi, and 0. caliginosus a large unidentified euchromatic segment was added to the centromeric end of chromosome 12.
Chromosomes 13 and 14 were difficult to identify in many taxa and are assumed to be rearranged. The question of whether these rearranged chromosomes were the result of the same or independent events will have to be answered with higher quality G-band resolution.
A large chromosome of an undetermined origin that we are presently calling "A" was found in 0. capito, Oryzomys sp., and 0. melanotis. This sequence represents a derived condition and, therefore, we have used this sequence as a synapomorphy tying 0. capito, Oryzomys sp., and 0. melanotis together.
The remainder of the chromosomes are smaller in size and defined by fewer G-bands. In these smaller elements, the possibility of identification error is much greater. For this reason, we have not included these smaller chromosomes in our analysis. C-band positive areas in the autosomes of the species of Holochilus, Nectomys, Neacomys, Sigmodon, and Oryzomys examined are restricted to the centromeric regions of autosomes. Heterochromatin was, however, found on the Y chromosomes and on the long arm of the X chromosomes in 0. concolor, 0. bicolor, 0. caliginosus, Oryzomys sp., and 0. palustris.
The predominant type of chromosomal changes seen in Figures 1, 2 , and 3 may be caused by translocations, duplications, or deletions. We are not able to specify which of these types of changes occurred in all cases with the present resolution of G-bands. In the remainder of the paper, when we refer to a translocation, it should be understood that there is a possibility that some of these rearrangements may be the result of duplications or deletions.
DISCUSSION
Although we have examined only 15 species of the South American cricetids, some observations are in order. First, G-band chromosomal character states appear to be an excellent choice for cladistical analysis because rearrangements generally occur as discrete units without the problem of a continuum. However, a cladistical analysis of the data set for these rodents is, as is generally the case for multistate characters, complex with several alternatives being. equally parsimonious.
Second, most of the rearrangements identified in this study occurred in the more recent evolutionary history of the group (Fig. 4) . In fact, if the primitive karyotypic condition for 12 large pairs of autosomes in the Cricetidae is as proposed by Koop et al. (1984a) , then there are no chromosomal synapomorphies that identify either the neotomine or South American group. The 12 largest G-band sequences of the common ancestor of Oryzomys, Holochilus, Neacomys, Nectomys, and Sigmodon are identical to those proposed as primitive for the neotomine-peromyscines (Koop et al., 1984a) . If Sigmodon is removed from the "South American" group, there are only two synapomorphies (4 and 11i) for the four remaining genera. Contrast this with the conclusion that 0. alfaroi and 0. delicatus each have 10 autapomorphies. It should be noted that some of the chromosomal rearrangements which appear to be unique to a single species in Figure 4 may be characteristic of more than a single species. Examination of the remainder of the species in this complex is the only way to determine if this is true. What is clear is that examination of additional species will not result in many additional chromosomal synapomorphies at the base of the cladogram for the oryzomyine-neotomine-peromyscine rodents. The early stages of evolution for these groups do not appear to have been characterized by extensive chromosomal evolution (Elder, 1980; Robbins and Baker, 1981; Koop et al., 1984a, b) . However, within Oryzomys (Fig. 4) , Sigmodon (Elder, 1980) , Neotoma (Koop et al., 1984b) and Peromyscus (Robbins and Baker, 1981) , there has been a greater amount of chromosomal evolution. In the canalization model of chromosomal evolution, the earlier.stages of evolution of a group are proposed to have a greater amount of chromosomal evolution and genomic rearrangement than are latter stages of evolution for that group (Bickham and Baker, 1979) . The canalization model of chromosomal evolution does not appear adequate to explain the pattern observed in the Cricetidae.
Third, the number of euchromatic chromosomal changes in Oryzomys appears to be higher than in Peromyscus. Of the 55 rearrangements documented in this paper, in the largest 12 chromosomes of 11 species of Oryzomys, there were 21 translocations (or duplication-deletions), 13 centric fusions (9 of which were polymorphic), 1 paracentric inversion, 8 pericentric inver- sions, 0 heterochromatic arm additions, and 12 unidentified events. Of a total of 33 chromosomal events documented in the largest 12 chromosomes in 18 species of Peromyscus (Robbins and Baker, 1981) , there were 0 translocations (or duplication-deletions), 0 centric fusions or fissions, 20 pericentric inversions, 0 paracentric inversions, 13 heterochromatic arm additions, and 0 unidentified events. Clearly, not only does the total number of chromosome rearrangements appear to be higher in Oryzomys, but also the types of rearrangements are almost mutually exclusive in the two genera. Certainly the types of rearrangements that occur in the various genera would seem to be far from random. The average number of euchromatic rearrangements in the largest 12 chromosomes of each species of Oryzomys since the proposed primitive karyotype of Oryzomys is 8.5. This compares to 3.8 euchromatic rearrangements per species of Peromyscus. The average number of euchromatic rearrangements separating species of Peromyscus is 4.0, whereas, in Oryzomys it is 13.0. This finding further illustrates that groups of similar taxonomic diversity do not necessarily show similar patterns or rates of chromosomal change. Thus, there does not appear to be a single, broadly applicable model of chromosome evolution. Even though the overall number of chromosomal rearrangements is higher in Oryzomys, some species (e.g., 0. capito) retain many of the proposed primitive cricetine G-band sequences (Koop et al., 1984a) . Gardner and Patton (1976) concluded that for the oryzomyines and for the ge-nus Oryzomys, the primitive diploid number was near 70 or 80. Relative to that conclusion and the chromosomal variation observed among species, they also considered that the primary chromosomal rearrangements occurring in the oryzomyines were tandem fusions. Tandem fusions involving the larger elements would be relatively easy to identify with the quality of G-bands available to us; therefore, we can estimate frequency of tandem fusions relative to other types of rearrangements. They appear to have occurred in chromosome 2 in 0. palustrislcouesi and 0. caudatus, chromosome 3 in 0. delicatus, chromosome 5/6 in 0. capito, chromosome 9 in 0. concolor, and chromosome 12 in 0. palustrislcouesi (a total of six tandem fusions out of the 43 identified events). Also, because tandem fusions would not eliminate an entire banding sequence, the 12 unidentified chromosomal rearrangements that are based on the absence of a particular banding sequence do not appear to be tandem fusions. Additional tandem fusions can be seen in Figure 3 . Our data support the conclusions of Gardner and Patton (1976) that tandem fusions are an important mechanism in the evolution of oryzomyine chromosomes; however, our findings suggest that tandem fusions are not the primary type of rearrangement.
Our data shed little light on whether the higher or lower diploid number is primitive for the oryzomyines; however, we judged that there is just as great a possibility that the 52-56 diploid number is primitive for the oryzomyine complex as well as for the genus Oryzomys.
Fourth, G-banded chromosomes provide another level of resolution beyond that of nondifferentially stained chromosomes. If Gardner and Patton's (1976) conclusion that nondifferentially stained chromosomes are useful in identifying taxonomic units and in elucidating cricetine relationships is accurate, one would have expected this resolution to be reflected in a cladistical analysis of G-bands. The lack of resolution in Figure 4 causes us to question the value of studies of nondifferentially stained chromosomes to elucidate cricetine relationships. The current technical capability of resolving G-band sequences and the extensiveness of G-band sequence divergence evident in Oryzomys, Holochilus, Nectomys, Neacomys, and Sigmodon makes the task of resolving interand intrageneric relationships difficult. Further, most clades are identified by only one or two synapomorphies. Certainly, this is not the quality of resolution that is preferred in a systematic study.
At the start of this study, we proposed that the lack of congruence would be a measure of convergence. We found a single example where derived chromosomal rearrangements could not be congruent (chromosome A and 2iii, Fig. 4 ). Convergence has been documented in G-and C-band studies in Peromyscus (Robbins and Baker, 1981 ) and in C-band studies of Onychomys (Baker and Barnett, 1981) . Any systematic use of G-and C-bands must recognize that convergence and/or reversals is a potential problem.
Also, not all synapomorphies are "created equal." For instance, an addition of heterochromatin would not carry the same significance as a tandem fusion. And of course, if several tandem fusions or similar cytogenetic events identify a clade, then the probability that the clade reflects evolutionary history is greater than if only one such event identifies the clade. With these cautions, we make the following systematic hypotheses from our G-band data.
At the generic level, Holochilus has been traditionally grouped with Sigmodon (Hershkovitz, 1955 (Hershkovitz, , 1962 ; though this has been questioned by Hooper and Musser, 1964) . The G-band data support Hooper and Musser's contention that Holochilus is closely associated with the oryzomyine group. Our data further suggest that the common ancestor of Oryzomys and Holochilus existed even after the divergence of Neacomys and Nectomys (Neacomys and Nectomys are commonly placed in the oryzomyine group [Hershkovitz, 1955; Hooper and Musser, 1964; Gardner and Patton, 1976] ). The evidence for the placement of Holochilus in the oryzomyine group lies in usefulness of G-banding in systematic studies will have to wait until such quality banding has been produced for a variety of taxa.
